Introduction
Hallux rigidus (HR) is a common degenerative foot disease characterized by pain and a decreased range of motion (ROM) of the first metatarsophalangeal joint (MTPJ). and the severity of arthrosis must be considered when choosing the best treatment option. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] However, the management of advanced HR (stages II and III) remains controversial; many authors have reported a variety of techniques, including interposition arthroplasty, resection arthroplasty, partial or total MTPJ arthroplasty, and joint fusion. 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] Although MTP arthrodesis has been advocated by many surgeons, implant arthroplasty also appears to be successful when used to treat advanced HR. 8, 21 Implant arthroplasty of the MTPJ has been used by orthopedic surgeons for the past 60 years; various arthroplasty implants have been placed in an attempt to restore the function of the first MTP joint. 5, [22] [23] [24] [25] [26] However, the early implants were disappointing, and the failure rates were high. Subsequent silastic designs were plagued by either implant fracture or permanent deformation. 9, 27, 28 Over the years, the performance and the durability of implants have improved, attributable to advances in design and metallurgy; implant placement is now a viable alternative treatment for HR.
The ToeFit-Plus ® implant (Smith and Nephew, London, UK) is a fourth-generation prosthesis, designed with a particular focus on the biomechanical requirements of the first MTPJ and benefiting from experience with earlier implants. The prosthesis is composed of a tapered, threaded, conical titanium core, which avoids any need for cement. On the metatarsal side, a cobalt chrome metatarsal head is tapped into the titanium core and to accommodate the proximal phalanx, a polyethylene phalangeal plate is clipped to the core.
The HemiCAP ® Toe Classic system (Arthrosurface Inc, Franklin, MA, USA) was introduced in 2005 and the design was guided by the anatomy and kinematics of the first MTPJ. 29 The implant can be used to resurface damaged articular surfaces and restore the unique joint geometry of each patient, with minimal bone resection. Degenerative cartilage at the metatarsal head is removed, and the partial joint-simulating implant is then placed.
Recently, total MTPJ arthroplasty (total joint replacement [TJR]) and metatarsal-resurfacing hemiarthroplasty have been commonly used to treat HR. The aim of this study was to compare the functional outcomes after, and short-to midterm results of, metatarsal head-resurfacing hemiarthroplasty and total MTPJ arthroplasty used to treat patients with advanced HR.
Patients and methods
This study was approved by the Ethics Committee of Bozok University. Written informed consent was obtained from all patients to be included in the study. The patients have provided written informed consent for their x-rays to be used in this publication. Between 2012 and 2014, 50 patients who underwent surgery to treat grades 2-3 HR were retrospectively reviewed. Five patients were excluded from the study. The exclusion criteria were any previous surgical procedure on the same foot (n=1 patient), an increased intermetatarsal angle (10°) or hallux valgus angle (15°) (n=2 patients), joint infection, neuropathy (n=1 patient), osteomyelitis, erosive systemic arthritis, inadequate bone stock, nickel allergy, inflammatory arthritis (n=1 patient), and/or postinfectious arthritis. Forty-five patients were ultimately included in the study. Of these patients, 26 underwent metatarsal head-resurfacing hemiarthroplasty (Group I) and 19 underwent TJR (Group II). The nature of the surgical intervention was explained to each patient, all of whom provided written informed consent. The two authors performed all surgical procedures in two centers. The primary outcome measures were changes in American Orthopedic Foot and Ankle Society's (AOFAS) hallux metatarsophalangeal-interphalangeal, MTPJ ROM, and visual analog scale (VAS) scores. Data were collected at the time of initial admission and at the final follow-up visit. 30, 31 All patients were clinically assessed by the two authors prior to surgery; AOFAS scores, MTPJ ROMs, and VAS scores were determined. 17, 18 Patients were graded using the Hattrup and Johnson radiographic system, 5 which was developed to radiographically evaluate HR with reference to increasing osteophyte production, narrowing of the joint space, and the extent of subchondral sclerosis. 5 Only patients with grade 2 (moderate osteophyte numbers with narrowing of joint space and subchondral sclerosis) or grade 3 HR (marked levels of osteophytes, loss of joint space, and possible subchondral cysts) evident upon preoperative radiographic review were considered for inclusion. Standardized weight-bearing anteroposterior and lateral radiographs of the foot were obtained prior to surgery and as part of the clinical follow-up. We assessed joint space, periprosthetic radiolucency (in millimeters), any implant disassembly, implant subsidence (in millimeters), any recurrence of dorsal osteophytes, interphalangeal arthritis, elevation of the first ray, and the declination angle of the first metatarsal (normal range: 19°-25°). [32] [33] [34] The final follow-up evaluation included repeat determinations of the AOFAS score and MTPJ ROM. Standard weight-bearing anteroposterior and lateral foot radiographs were used to evaluate any changes in implant position, or loosening, during the follow-up period. All complications observed during follow-up were recorded by the same observers. 
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Operative technique
All surgical procedures were performed under regional anesthesia after a tourniquet had been tied to the calf; prophylactic antibiotic therapy (a first-generation cephalosporin; 2 mg/kg) was also given. The joint was accessed via a dorsal/medial approach and the long extensor tendon of the hallux was laterally retracted. The first MTPJ capsule was opened longitudinally and the first metatarsal head exposed by plantar flexion of the toe. Adhesions around the sesamoidal region and the MTPJ were released until sufficient (90°) dorsiflexion of the MTPJ was achieved relative to the plantar surface.
We performed metatarsal head-resurfacing hemiarthroplasty (Group I) with implantation (without cement) of an appropriately sized HemiCAP ® Toe Classic (Arthrosurface Inc) resurfacing implant that was slightly impacted (Figures 1 and 2 ). In the TJR group (Group II), we implanted a ToeFit-Plus ® (Smith and Nephew) into the metatarsal and phalangeal bed ( Figures 3 and 4) . We checked the ROM of the MTPJ to detect any impingement, loose body, or periarticular adhesion. We repaired the joint capsule after releasing the tourniquet. An elastic bandage was applied after closing the wound; no patient required a drain.
Postoperative rehabilitation
The postoperative protocol was identical for all patients. The operated limb was elevated and an ice pad was applied to the wound. Anteroposterior and lateral radiographs were obtained in the immediate postoperative period. Passive ROM exercises were initiated within the first postoperative day, and active ROM exercises commenced after removal of the skin sutures on the 15th postoperative day. Patients began full weight-bearing exercises at the end of the first postoperative month. Patients were evaluated at the following postoperative time points: 1 month, 3 months, 6 months, and 12 months, and during their later final follow-up visits. 
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Mermerkaya and Adli statistical analysis Data analysis was performed using SPSS for Windows software (version 17.0; SPSS Inc, Chicago, IL, USA). We explored the distributions of continuous variables using the Kolmogorov-Smirnov test. The Levene test was used to evaluate the homogeneity of variance. Data are given as mean ± standard deviation, or as median (minimummaximum), for continuous variables. Categorical data are shown as number of cases with percentage. The mean differences between groups were compared using Student's t-test. When two independent groups were compared, the Mann-Whitney U-test was used to compare medians; otherwise, the Kruskal-Wallis test was applied. Categorical data were analyzed using the chi-squared or Fisher's exact test, as appropriate. We used the Wilcoxon Sign-Rank test to explore whether differences between pre-and postoperative clinical measurements were significant. Associations between continuous variables were evaluated by Spearman rank correlation analysis. A P-value 0.05 was considered to reflect statistical significance. When we performed multiple comparisons, the Bonferroni correction was applied to control for type I error. In Group I, the mean preoperative first MTPJ ROM was 27.5° (range: 15°-40°), which had increased to 75° (range: 35°-85°) at the final follow-up visit (P0.001). In Group II, the mean preoperative first MTPJ ROM was 25° (range: 15°-35°), which had increased to 75° (range: 70°-85°) at the final follow-up visit (P0.001) ( Table 2 ).
Results

Metatarsal
Significant increases in postoperative ROM were evident in both groups (P0.001). The delta ROMs of the two groups did not differ significantly (P=0.632) ( Table 2 ). Both groups exhibited significant increases in the AOFAS scores (P0.001). The delta AOFAS scores of the two groups did not differ significantly (P=0.765) ( Table 2 ). Both groups exhibited significant decreases in VAS scores (P0.001). The delta VASs of the two groups did not differ significantly (P=0.549) ( Table 4) .
No patient exhibited any sign of implant loosening, subsidence, or disengagement; no periprosthetic radiolucency suggestive of implant wear was noted. One superficial wound infection developed in the early postoperative period in a patient in Group I, which delayed wound healing. Cultures were negative and the wound was treated by frequent changes of dressings over a period of 3 weeks. All wounds eventually healed completely.
Discussion
HR is common, affecting up to 10% of all adults. 19 It can cause debilitating pain and functional limitations during 
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Mermerkaya and Adli both low-and high-impact activities of daily living. Patients with advanced-stage HR are typically aged 50-60 years and require maintenance of MTPJ motion. Therefore, treatment goals are dictated by disease stage, patient expectations, and procedural suitability in terms of both immediate and long-term requirements. The primary patient expectations are usually pain relief and functional improvement. Oral nonsteroidal anti-inflammatory drugs, activity restrictions, footwear modifications, and intra-articular steroid injections are the principal conservative treatment options for early management of HR. 20 However, management of advanced (stages II and III) HR remains controversial; many authors have described various methods, including interposition arthroplasty, resection arthroplasty, partial or total MTPJ arthroplasty, and joint fusion. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Arthrodesis has been advocated by many authors as a useful treatment for advanced HR, and a recent study has described the outcomes of this technique after 30 months of follow-up. [34] [35] [36] [37] However, arthrodesis has limitations in terms of patients who desire ROM and are uncomfortable with the idea of a fusion. Metallic hemiarthroplasties that resurface the phalangeal base have been shown to not be associated with malrotation, malpositioning, malunion, or nonunion 79.4 months later, rendering the latter procedure more attractive to active patients. [36] [37] [38] [39] Loss of first-MTPJ motion may not be acceptable to active patients who plan to resume daily activities. Many patients demand a mobile and pain-free MTPJ. 15 The ToeFit-Plus ® joint replacement (Smith and Nephew), a fourth-generation prosthesis designed with a particular focus on the biomechanical requirements of the first MTPJ, benefits from experience with previous implants. The prosthesis is composed of a tapered, threaded, conical titanium core, avoiding any need for cement. On the metatarsal side, a cobalt chrome metatarsal head is tapped into the titanium core and, to accommodate the proximal phalanx, a polyethylene phalangeal plate is clipped to the titanium core.
Metatarsal head resurfacing with the HemiCAP ® system also uses a fourth-generation implant; the technique involves replacement of the damaged articular surface with a patientspecific implant and requires minimal removal of cartilage and bone. The technique thus allows preservation of normal metatarsal bone and cartilage, which facilitates salvage procedures if revision surgery is required. Other benefits include maintenance of intrinsic muscle function, no change to the contours of joint surfaces, the ability to decompress the MTPJ (if necessary), and stable screw fixation. 4 Our total MTPJ arthroplasty patients with new metalon-polyethylene articulations enjoyed good clinical and radiographic outcomes at a minimum of 2 years of follow-up. The mean postoperative AOFAS-hallux metatarsophalangeal interphalangeal score of 83 was similar to those attained after MTP arthroplasty. 25, [40] [41] [42] [43] Daniilidis et al 44 reported an increase in the average AOFAS score from 44 preoperatively to 82.5 at 18 months postoperatively. Preoperative average VAS pain scores in the cited study also improved, from 7.0 preoperatively to 2.0 at the final follow-up; however, radiolucent lines were noted in 13% of patients. 44 Barták et al 45 retrospectively studied 28 patients who had undergone either hemiarthroplasty or total joint arthroplasty. At 2 years' follow-up, radiographic asymptomatic osteolysis was evident in three patients; three required revisions to treat mobility restrictions and pain; but, overall, both the functional and pain scores improved. In a prospective study, Lange et al 43 found that, despite functional improvement, 28.7% of 78 patients exhibited osteolysis and 10% required revisions at a mean follow-up time of 56 months.
The functional and pain scores of our patients are consistent with those of previous studies. However, we found no evidence of radiolucency, implant loosening, subsidence, or disengagement at a mean follow-up time of 27 months.
Carpenter et al 4 
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MT head-resurfacing hemiarthroplasty versus total MTPJ arthroplasty first-MTPJ ROM improved significantly from a preoperative value of 22.2°±5.6° (range: 10°-28°) to a postoperative value of 56.3°±9.6° (range: 40°-65°). Meriç et al 47 reported the early outcomes of metatarsal head-resurfacing hemiarthroplasty on 14 feet; the mean AOFAS score improved (from 33.5±9.8 to 83.7±10.1), as did the first MTPJ ROM (from 22.8° to 69.6°), with one failure. Kline and Hasselman 48 reported the longerterm outcomes of patients receiving a fourth-generation MTPresurfacing implant; the device was durable and afforded excellent pain relief and functional improvement at an average follow-up time of 5 years. Our results are consistent with those of previous studies. Table 5 summarizes the clinical outcomes of previous studies on surgical treatment of HR.
We observed significant improvements in AOFAS scores, and significant decreases in VAS scores, in both groups during shortterm follow-up. No significant between-group difference was evident at the last follow-up. We found no radiolucency, and no evidence of implant loosening, subsidence, or disengagement at mean follow-up times of 29.9 months in Group I and 27.1 months in Group II.
Our study was limited by its observational and retrospective design and relatively small patient numbers. Another limitation was that all procedures were performed by two surgeons, using a standardized technique, in two centers. Furthermore, we did not assess patient satisfaction (eg, by using the Medical Health Outcomes Short-Form 36-item survey instrument). Ideally, a prospective, multicenter randomized trial is required. Comparative studies of the long-term outcomes of various surgical techniques, with larger case series of similar patients, are required.
Conclusion
If conservative treatment fails in patients with moderateto-severe HR, first-MTPJ hemiarthroplasty and TJR effectively permit recovery of toe function and first-MTPJ ROM, in addition to affording good short-to midterm functional outcomes.
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